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Abstract: Squalene certified reference material was developed by purification of crude squalene. The structure of the 
certified reference material was confirmed by infrared spectroscopy (IR), high resolution mass spectrometry (HRMS) and 
nuclear magnetic resonance (NRM) and squalene was divided into 150 aliquots. The homogeneity and stability tests and 
quantitative analysis were carried out by gas chromatography-flame ionization detection (GC-FID). Fifteen randomly 
selected aliquots showed good homogeneity as indicated by F-test analysis at a 95% confidence interval. The test samples 
were stable at −18 ℃ for 24 months. A cooperative certification was conducted with 8 qualified laboratories. The certified 
purity value of the reference material was 99.57% with a relatively expanded uncertainty of 0.30% (k = 1.96). The reference 
material can conform to the technical requirement of the certified reference material. This material was intended for use in 
the method validation and quality control regarding squalene.
Key words: squalene; certified reference material; gas chromatography-flame ionization detection (GC-FID);  
certification; uncertainty


































光度计 美国惠普公司；Nicolet Ftir-670型红外光谱仪 

































图 1  角鲨烯粗品的高效液相色谱图（A）和单体的GC图（B）




4.6  µm）；流动相：甲醇；检测波长210 nm；流速



















初始柱温160 ℃，保持2 min，以速率15 ℃ /min升至
280 ℃，保持5 min，再以5 ℃/min升至300 ℃，保持
8 min；FID温度330 ℃；进样口压力15 psi；载气为高纯
































Table 1 IR spectral parameters of squalene
波数/cm－1 振动类型 基团 强度
2 969，2 854 v（CH3）伸缩振动 CH3 s
2 920 v（CH2）不对称伸缩振动 CH2 m
1 666 v（＝CH）伸缩振动 ＝CH m
1 443 δ（CH2）变形振动 与双键相连的CH2 s
1 379 δ（C—H）变形振动 —CH3 s
835 ω（C—H）非平面摇摆振动 ＝C—H s
注：s.强峰；m.中等强峰。
如表1所示，波数为2 969、2 854、1 380 cm－1说明样


































Fig.2 Chemical structure of squalene
表 2 角鲨烯的NMR数据表
Table 2 NMR data of squalene
峰序号
δC（100 MHz） δH （多重性，400 MHz）
实测值 文献[23]值 实测值 文献[23]值
1（1’） 16.00 16.01 1.68（s，6H），CH3×2 1.71（s，6H），CH3×2






3（3’） 124.42 124.42 4.93～5.15（m），CH×6 5.11～5.18，CH×6
7（7’） 124.32 124.33
11（11’） 124.29 124.29










Table 3 Homogeneity of purified squalene 
%
瓶号 测量1 测量2 测量3 平均值
1 99.45 99.48 99.47 99.46
11 99.43 99.46 99.45 99.45
21 99.44 99.42 99.41 99.42
31 99.43 99.42 99.40 99.42
41 99.46 99.45 99.43 99.45
51 99.47 99.50 99.48 99.48
61 99.49 99.41 99.43 99.44
71 99.46 99.45 99.42 99.44
81 99.45 99.40 99.44 99.43
91 99.45 99.45 99.40 99.44
101 99.40 99.44 99.46 99.43
111 99.46 99.43 99.40 99.43
121 99.44 99.43 99.42 99.43
131 99.44 99.41 99.44 99.43
141 99.44 99.43 99.44 99.43
表 4 角鲨烯均匀性方差分析的结果
Table 4 Results of variance analysis for the homogeneity of squalene
变差源 方差和 自由度 均方差
组间 0.011 371 14 0.000 812 
组内 0.013 901 30 0.000 463 










表 5 角鲨烯样品在－18 ℃贮存条件下的稳定性































− − b0=Y b1X=99.83% 0.000 868% 10.29 =99.82% （2）
直线上点的标准差按公式（3）计算：
5



















s b1 =  （4）
自由度为 n－ 2和P = 0 . 9 5（ 9 5 %置信水平）的





















差1 2 3 4 5 6
1 厦门市产品质量监督检验院 99.54 99.54 99.55 99.55 99.56 99.57 99.55 0.01
2 福建省产品质量监督检验院 99.37 99.41 99.41 99.42 99.42 99.43 99.41 0.02
3 山东省分析测试中心 99.43 99.44 99.47 99.51 99.62 99.62 99.52 0.09
4 厦门市药品检验所 99.73 99.74 99.74 99.74 99.75 99.77 99.74 0.01
5 福建省药品检验所 99.48 99.49 99.50 99.51 99.58 99.58 99.52 0.04
6 厦门市出入境检验检疫技术中心 99.71 99.71 99.74 99.75 99.77 99.79 99.74 0.03
7 中国中医科学院中药研究所 99.59 99.64 99.65 99.66 99.66 99.67 99.65 0.03

































0.000 812 0.000 463
0.000 116 10－410－4  （6）
式中：组间均方差、组内均方差数据来自表4。
瓶间标准差是该方差的平方根：
Ubb=Sbb=    0.000 116 10－4  = 0.01%
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稳定性检验的不确定度U l t s：由2 . 3节稳定性检
验实验可知，u l t s=s b× t=0.002 066%×24=0 .05%， 
标 准 样 品 定 值 结 果 的 不 确 定 度 为
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